Objectives: To determine the resistance genes present and the structure of resistance islands in the multiply antibiotic-resistant Acinetobacter baumannii reference strain for global clone 2, RUH134 or A320.
Introduction
Most multiply antibiotic-resistant A. baumannii isolates belong to one of two globally distributed clonal complexes. 1 -7 These two clones, formerly known as European clones I and II, 8, 9 are referred to here as global clones 1 and 2 (GC1 and GC2), and correspond to clonal complexes CC1 and CC2 described elsewhere. 7 In many multiply antibiotic-resistant strains belonging to GC1, the antibiotic resistance genes are in a large genomic island that is found at a specific position in the chromosomal comM gene.
1,2,6,10 -14 These AbaR3-type islands are complex transposons that consist of a backbone transposon, Tn6019, and a variable assortment of antibiotic resistance genes located between two copies of a cadmium and zinc resistance transposon, Tn6018. 1 However, in one case, AbaR3 is replaced by AbaR4, 15 which has a different structure. It consists of a backbone transposon that is related to Tn6019 but lacks the arsenate resistance region and carries within it transposon Tn2006, which contains the bla OXA-23 carbapenem resistance gene. The backbone of AbaR4 (Figure 1a) , recently designated Tn6022, 15 is most closely related to the transposon Tn6021 2 that interrupts the comM gene in A. baumannii strain ATCC 17978 but carries no resistance genes. The differences are described in detail elsewhere. 15 It has recently been shown that the Tn6022 backbone of AbaR4, Tn6021 and Tn6019 are members of a novel transposon family that target a specific location in the comM gene. 15 These transposons generate a 5 bp duplication, 14 have 26 bp inverted repeats at their boundaries, and 5
′ -TGT and ACA-3 ′ at their outer ends. 1, 15 We previously noted 2 that two of the predicted polypeptides are related to the TniA and TniB proteins of Tn5053 and Tn402, which are known to be required for transposition. 16 However, three additional genes, tniC, tniD and tniE in Figure 1 (a) (formerly orf1, orf2 and orf3, respectively), likely to be required for transposition have now been identified. Two previous studies have indicated that related transposons are present in GC2 isolates, 2,17 but they do not share the other features characteristic of AbaR3 and related islands. 2 A. baumannii RUH134 7, 8 was isolated in 1982 in Rotterdam, the Netherlands and has been used extensively as the reference for GC2 (European clone II). It also known as A320. 5 Here, we investigated the structure of the genomic island in comM in A320, and identified several further resistance genes and gene clusters that are not included in it.
Materials and methods

Isolate characterization
A320 was kindly supplied by Dr Kevin Towner (Nottingham University Hospitals NHS Trust, Nottingham, UK). The resistance profile was determined as described previously. 18 The sequence type (ST) according to the Oxford multilocus sequence typing scheme (http://pubmlst.org/ abaumannii/), which uses seven housekeeping genes (gltA, gyrB, gdhB, recA, cpn60, gpi and rpoD), 19 was confirmed by resequencing the gyrB allele.
PCR amplification, DNA sequencing and sequence analysis PCR amplification was carried out using published primers for antibiotic resistance genes 1 and to detect features of AbaR3-type islands in comM. 2 The primer pairs used to map the insertion in comM of A320 are listed in Table 1 . The conditions used to detect short and long amplicons were as described previously. 15 Sequences determined at the Australian Genome Research Facility, Westmead on an Applied Biosystem 3730xl capillary sequencer were assembled using Sequencher version 4.9 (Gene Codes Corporation, Ann Arbor, MI, USA) and compared with sequences in the GenBank nonredundant DNA database using the BLAST facility (http://blast.ncbi.nlm. nih.gov). Gene Construction Kit version 2.5 (Textco, West Lebanon, NH, USA) was used to draw Figure 1 to scale.
GenBank accession number
An 18168 bp sequence from A320 consisting of Tn6166 (17630 bp) flanked by part of comM has been submitted to GenBank under accession number JN247441.
Results and discussion
Resistance and resistance genes in RUH134/A320
The ST of the A. baumannii strain RUH134 or A320, used as the reference for European clone II or GC2, has been reported as ST6 (1-4-3-2-2-3-3) for RUH134 19 and ST98 (1-12-3-2-2-3-3) for A320 5 using the Oxford scheme. Here, the gyrB sequence was redetermined as 12, confirming the ST98 assignment for A320. The difference is due to a single base difference in the gyrB allele, which may have arisen in one stock of this strain during storage at different locations.
RUH134 is recorded as resistant to piperacillin, gentamicin, tetracycline and co-trimoxazole, but susceptible to ceftazidime, ofloxacin, imipenem, amikacin, tobramycin and minocycline. 7 Testing with further antibiotics showed it to be resistant to streptomycin, spectinomycin, sulfamethoxazole, tetracycline, gentamicin, kanamycin and neomycin, and susceptible to nalidixic acid and ciprofloxacin. It was previously shown to carry the aacC1 gentamicin resistance gene in a class 1 integron and the aphA1 gene, 8 as well as the tet(B) tetracycline resistance Nigro and Hall determinant. 20 We confirmed the presence of the tet(B) determinant [consisting of tetA(B) and tetR(B)], which is usually found in Tn10. We also detected a class 1 integron containing the aacC1-orfP-orfP-orfQ-aadA1 gene cassettes (aacC1 confers gentamicin resistance, and aadA1 streptomycin and spectinomycin resistance) and the sul1 sulphonamide resistance gene in the 3 ′ -conserved segment (3 ′ -CS). The 3 ′ -CS was adjacent to IS6100, indicating an In4 family integron backbone. 21 The aphA1b gene was adjacent to an upstream IS26, but was not part of transposon Tn6020 1 or linked to the integron as in AbaR3 and related islands. Additional genes (bla TEM , catA1, strA and strB) were also identified.
A320 includes a genomic island in comM
The comM gene was shown to be interrupted in A320 using a set of PCRs reported previously, 2 and the sequences of the J1 and J2 amplicons obtained were identical to those reported previously for Australian GC2 isolates.
2 A320 did not have features that indicate the presence of AbaR3 or an AbaR3-derived genomic island; Tn6018 and the arsB gene were not present, and the uspA gene, which is interrupted in AbaR3, was intact. A transposon identical to Tn6022, the backbone of AbaR4, except for a 2.85 kb deletion that removes the tniD gene and part of the flanking tniB and tniE genes, was present at the left-hand end, as shown in Figure 1(b) . This Tn6022 derivative was designated Tn6022D1 and was recently found associated with a derivative of AbaR4 in a GC2 strain. 22 A 2262 bp segment containing a relative of orf4 [orf4b in Figure 1(b) ] was found at the right-hand end of the insertion adjacent to comM. It is identical to a region found adjacent to the recently identified genomic island GIsul2 in ATCC 17978 23 and the last 1869 bp of this segment are 86% identical to the corresponding portion of Tn6022.
The tet(B) determinant and the strA and strB genes are located between these two transposon regions. The tet(B) determinant lies immediately adjacent to the right-hand inverted repeat (internal to Tn6166) of Tn6022D1 and is part of a 2289 bp fragment derived from Tn10. However, the last 6 bp of the tetA(B) gene are missing. The tet(B) determinant is now associated with the small mobile element CR2, which has long been associated with the sul2 gene, 23 but has also previously been found associated with several other antibiotic resistance genes. 24 The region of 330 bp adjacent to the ter end of CR2 [marked 1 in Figure 1(b) ] is the same as found in GIsul2. This region is followed by the inverted repeat of the transposon Tn5393, which is part of a 1754 bp region derived from Tn5393 that includes the strA and strB streptomycin resistance genes.
Tn6166 is representative of a type of island found in GC2 isolates that differs from the AbaR3 family found in GC1 isolates. Based on our previous analyses of the comM -insert boundaries in GC2 isolates, 2 and the fact that the majority of the GC2 isolates in a larger collection of Australian isolates carry the tet(B) determinant and the strA and strB genes, it seems likely that Tn6166 or related islands will be found in many GC2 isolates. A remnant of an AbaR3-type island is present in the only completely sequenced GC2 isolate ACICU, 25 indicating that this isolate belongs to a separate lineage within the GC2 complex.
Conclusions
The genomic island in comM of RUH134/A320 has a different origin to the well-characterized AbaR3-type islands found in GC1 isolates. Similarities in the backbone transposons are likely to be responsible for the identical location of the two island types. 
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